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(54) Transmit-receive switch circuit for radiocommunication apparatus 



(57) A changeover switch switches connection 
between an antenna and a transmitter amplifier and con- 
nection between the antenna and a receiver low noise 
amplifier, from one to the other. A first wire having char- 
acteristic impedance of 50 O connects the antenna and 
the changeover switch. A receiver matching circuit 
matches input impedance of the receiver low noise 
amplifier with the output impedance of the transmitter 
amplifier. An antenna side matching circuit matches the 
Input Impedance of the receiver low noise amplifier, 
which is matched with the output impedance of the trans- 
mitter amplifier by the receiver matching circuit, and the 
output impedance of the transmitter amplifier with the 
characteristic impedance of the first wire. The transmitter 
amplifier is connected with the changeover switch via a 
first coupling capacitance, and the receiver matching cir- 
cuit is connected with the changeover switch via a sec- 
ond coupling capacitance. 
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Description 

BACKGROUND OF THE INVENTION 

The present invention relates to a transmit- 
ting/receiving circuit suitably used in a radiocommunica- 
tion apparatus utilizing the same frequency for 
transmitting and receiving a signal, a semiconductor 
integrated circuit device including the transmit- 
ting/receiving circuit and a radiocommunication appara- 
tus including the same. 

Recently, radiocommunication apparatuses such as 
portable telephones have been developed to be conrv 
pact, light and inexpensive, and the number of users of 
such equipment is rapidly inaeasing. In the conventional 
communication mode, the transmitting frequency is dif- 
ferent from the receiving frequency. Furttiermore, 
attenpts have been nnade to digitalize such radiocom- 
munication apparatuses in order to attain a much larger 
number of users. In digital radiocommunication appara- 
tuses, transmission and reception can be conducted at 
the same frequency by transmitting and receiving a sig- 
nal in a time sharing manner, while two different frequen- 
cies are required for each line of the apparatuses of the 
conventional communication mode. 

A tiBnsmitter amplifier, a receiver low ndse amplifier 
and a changeover switch for switching between trans- 
mission and reception of a trartsmitting/receiving circuit 
in a digital radiocommunication apparatus occasionally 
Include gallium arsenide field effect tiBnslstors (herein- 
after referred to as GaAs FETs) having various proper- 
ties such as a low voltage operation, high efficiency, a 
low noise property and a high isolation property. 

Furttiermae. with the spread of portable wireless 
apparatuses, there is Increasing demand for compact 
and light equipment. As a result, a large number of 
attempts have been made to produce a transmit- 
ting/receiving circuit including a transmitter power ampli- 
fier, a changeover switch, a receiver low noise amplifier, 
a matching drcurt and tiie like as a semiconductor irrte- 
grated circuit 

Now. an example of conventional transmit- 
ting/receiving circuits will be descrbed refen'ing to an 
accompanying drawing. 

Rgure 8 is a diagram of tiie configuration of a trans- 
mitting/kreceiving circuit in a conventional digital radio- 
communication apparatus using FETs. The 
transmitting^ecerving circuit of Figure 8 comprises a 
transmitter amplifier 10. a receiver low noise amplifier 20 
and an antenna 30 for transmitting and receiving a sig- 
nal. A changeover switch 40 switches the connection 
between the transmitter amplifier 10 and the antenna 30 
and tiie connection between the receiver low noise 
amplifier 20 and the antenna 30, from one to tiie other. 
A first wire 51 having characteristic impedance of 50 O 
connects tiie antenna 30 to tiie changeover switch 40. A 
second wire 52 having characteristic impedance of 50 Q 
connects tiie transmitter amplifier 10 to the changeover 
switch 40. A third wire 53 having characteristic imped- 



ance of 50 connects the receiver low noise amplifier 
20 to the changeover switch 40. A receiver matching cir- 
cuit 60B matches inputs to the receiver low noise ampli- 
fier 20. and a transmitter matching circuit 708 matches 
5 outputs from the t^nsmitter amplifier 1 0. A first coupling 
capacitance 81 B couples an alternating current of the 
output from the transmitter anplifier 10 with an alternat- 
ing current of the input to the transmitter matching circuit 
708, and a second coupling capacitance 828 oouples 
10 an alternating current of the output from tiie receiver 
matching circuit 608 witti an alternating current of the 
input to the receiver low noise amplifier 20. 

The transmitter amplifier 10 of Figure 8 comprises 
an FET 12 at tfie first stage, another FET 14 at the last 
15 Stage, power supply terminals 1 58, a matching circuit 13, 
which includes capacitances 16 and 18 and an inductor 
1 7, for matching the front FET 1 2 with the rear FET 1 4. 
An inductor 19A is interposed between the gate terminal 
of tiie FET 1 4 and a bias voltage Vgl . and inductors 1 9B 
20 are interposed between the power supply terminals 1 58 
of tiie FETs 12 and 14 and a supply voltage Vddl. An 
inductor 24A is interposed between the gate terminal of 
a low noise FET 22 in tiie receiver low noise amplifier 20 
and a bias voltage Vg2, and an inductor 24B is inter- 
ns posed between a reception wave output terminal 23B of 
the receiver low noise amplifier 20 and a supply voltage 
Vdd2. The receiver matching circuit 608 includes induc- 
tors 61 and 62. and tiie transmitter matching drcuit 70B 
includes capacitances 71 and 73 and an inductor 72. 
30 This transmitting/receiving drcuit is operated as fol- 
lows: 

The receiving operation thereof will be first 
described. 

At ttie time of receiving a signal, a bias voltage Vg2 
35 Is applied to ttie low noise FET 22 in the receiver low 
ndse amplifier 20 and a sipply voltage Vdd2 is applied 
to tiie reckon wave output terminal 238, thereby sup- 
plying the receiver low noise amplifier 20 with a neces- 
sary supply voltage. This amplifies a weak received 
40 signal input tiirough tiie antenna 30. Since ttiere is no 
need to operate the transmitter amplifier 10 in this case, 
no vdtage is applied thereto for saving tiie power of a 
t>attery. 

The received signal having been input through the 
45 antenna 30 is transferred through tiie first wire 51 having 
characteristic impedance of 50 £2 and supplied to an 
antenna side input/output terminal 41 B of tiie changeo- 
ver switch 40. At this point, in the changeover switch 40, 
a first FET 43 serving as a transmitter shunt FET and a 
50 third FET 45 serving as a receiver tiirough FET are sup- 
plied witii a vdtage of. for example. 0 V so as to turn on 
tiie FETs 43 and 45, and a second FET 44 serving as a 
ti^nsmitter tiirough FET and a fourtii FET 46 serving as 
a receiver shunt FET are supplied witii a voltage of, for 
55 example. -5 V so as to turn off tiie FETs 44 and 46 by a 
control voltage input through switch control signal input 
terminals 428. Therefore, the received signal having 
been input tiirough the antenna side input/output termi- 
nal 418 passes through the ttiird FET 45 in an on state 
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to be transferred to a receiver unit. A transmitter unit is 
electrically separated from the antenna because the sec- 
ond FET 44 Is offp and is short-drcuHed by the first FET 
43 In an on state. 

The received signal having passed through the third 
FET 45 In an on state Is transferred from a receiver side 
terminal 47 of the changeover switch 40 through the third 
wire 53 having characteristic impedance of 50 Q and the 
second coupling capacitance 82B and is input to the 
receiver matching circuit 60B. The received signal hav- 
ing been Input to the receiver matching circuit 60B is sub- 
jected to impedance matching by the two Inductors 61 
and 62 to be Input to an Input terminal 21 of the receiver 
low noise amplifier 20. The received signal having been 
input to the receiver low noise amplifier 20 is amplified 
by the low noise FET 22 and then output through the 
reception wave output terminal 238. 

Next, the transmitting operation of the transmit- 
ting/irecelvlng drcuit will be described. 

At the time of transmitting a signal, a supply voltage 
Vdd1 is applied to the FET 12 at the first stage and the 
FET 14 at the last stage of the transmitter amplifier 10, 
and a bias voltage Vgl is applied to the FET 1 4, thereby 
power amplifying a modulated signal Input to the trans- 
mitter amplifier 1 0 ip to a sufficiently high level to be sup- 
plied to the antenna 30. Since there is no need to operate 
the receiver low noise amplifier 20 in this case, no voltage 
is applied thereto for saving the power of the battery 

The oKXlulated transmission signal Is input through 
a transmission wave input terminal 1 1 B, subjected to first 
power amplification by the front FET 12, input to the rear 
FET 1 4 via the matching drcuit 1 3. and subjeded to sec- 
ond power amplification by the FET 14 up to a desired 
power level. The amplified transmission signal is input to 
the transmitter matching drcuit 708 via the first coupling 
capadtance 81 B. converted to have impedance of 50 Q 
by the transmitter matching circuit 70B and then input to 
a transmitter side terminal 48 of the changeover switch 
40 via the second wire 52 having characteristic imped- 
ance of 50 a At this point in the changeover switch 40. 
the second FET 44 and the fourth FET 46 are supplied 
with a voltage of. for example. 0 V so as to be turned on 
and the first FET 43 and the third FET 45 are supplied 
with a voltage of. for example. -5 V so as to be turned off 
by a contrd voltage input through the switch control sig- 
nal input terminals 42B. The transmission signal having 
been input through the transmitter side tenninal 48 
passes through the second FET 44 in an on state to be 
transferred toward the antenna 30. The transmission sig- 
nal having been transferred toward the antenna 30 
passes through the first wire 51 having characteristic 
impedance of 50 fi. input to the antenna 30, and then 
output through the antenna 30 as an electric wave. 

In the conventional transmitting/receiving drcuit, the 
transmitter amplifier 1 0 and the receiver low noise ampli- 
fier 20 are connected to the changeover switch 40 via 
the second and third wires 52 and 53 each having char- 
acteristic impedance of 50 Q, respectively Therefore, a 
transmission signal output by the transmitter amplifier 1 0 



and a received signal input to the receiver low noise 
amplifier 20 should be converted to have impedance of 
50 CL Accordingly, when the transmitter amplifier 10. the 
receiver low noise amplifier 20 and the changeover 

5 switch 40 are desired to be integrated on one chip, the 
transmitter matching drcuit SOB and the receiver match- 
ing drcuit 70B are also required to be mounted on the 
same chip, resulting in largely increasing an area occu- 
pied by passive devices to be integrated such as induc- 

10 tors. As a result, the chip area is substantially increased, 
which disadvantageously makes it difficult to deaease 
the size and the cost of a radiocommunication apparatus. 
Thus, it is desired to provide a transmitting/ireceiving dr- 
cuit realizing a compact and inexpensive radiocommuni- 

75 cation apparatus applicable to the new communication 
mode and a semiconductor integrated drcuit device 
mounting the transmitting/receiving circuit. 

In addition, when a signal is switched by the change- 
over switch 40 at low impedance, the voltage can be 

20 decreased and isolation t>etween the transmitter unit and 
the receiver unit can be improved. However, in the con- 
ventional drcuit. a signal is switched at impedance of 50 
O as desaibed above, and hence, the isolation charac- 
teristic is poor. This causes another problem that an FET 

25 with a satisfactory Isolation characteristic Is required to 
be used. The isolation herein indicates a ratio between 
signals con'ectly transferred from the transmitter ampli- 
fier 10 to the antenna 30 and signals incon^ectly trans- 
ferred from the transmitter amplifier 10 to the receiver 

30 low noise amplifier 20 when the changeover switch 40 is 
in a state for outputting a transmission signal from the 
transmitter amplifier 1 0 to the antenna 30. Having a sat- 
isfactory isolation characteristic means few signals are 
transfen^ed from the transmitter amplifier 10 to the 

35 receiver low noise amplifier 20. Actually, there always 
east some signals leaked from the transmitter amplifier 
10 to the receiver low noise amplifier 20. 

SUMMARY OF THE INVENTION 

40 

The present invention was devised to solve the 
aforementioned problems at a stroke so as to make com- 
pact a radiocommunication apparatus and improve the 
isolation characteristic between a transmitter unit and a 

45 receiver unit. 

A first transmitting/receiving drcuit for a radiocom- 
munication apparatus of the invention comprises a trans- 
mitter amplifier for amplifying an input transmission 
signal and outputting ttie amplified transmission signal; 

so a receiver amplifier for amplifying an input received sig- 
nal and outputting the amplified received signal; a 
changeover switch having an antenna skJe input/output 
terminal through which tiie transmission signal is output 
to an antenna via a wire having presaibed characteristic 

55 impedance and the received signal is input from tiie 
antenna via the wire, for switching af irst connection state 
for outputting tiie transmission signal received from tiie 
transmitter amplifier via no matching drcuit to the 
antenna side input/output terminal and a second con- 
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nection state for oulputting the received signal received 
through the antenna side Input/output terminal to the 
recerver amplifier; a receiver matching drcuit interposed 
between the changeover switch and the receiver ampli- 
fier for matching the Input impedance of the receiver $ 
amplifier with the output impedance of the transmitter 
amplifier: and an antenna side matching circuit inter- 
posed t>etween the wire and the changeover switch for 
matching the characteristic impedance of the wire with 
the output impedance of the transmitter anrplifier. 10 

In the first transmitting/ireceiving circuit, the trans- 
mission signal output from the transmitter amplifier is 
input to the changeover switch via no matching circuit 
while the received signal output from the changeover 
switch is input to the receiver amplifier via the receiver is 
matching circuit. Therefore, within the changeover 
switch, the output impedance of the transmitter amplifier 
is matched with the input Impedance of the receiver 
amplifier, and Mh the output impedance and the irrput 
impedance are small in the changeover switch. As a 20 
result, the isolation characteristic of the changeover 
switch can be improved and the area occupied by the 
changeover switch can be minimized. 

Furthermore, since the characteristic impedance of 
the wire is matched with the output impedance of the 25 
transmitter amplifier by the antenna side matching cir- 
cuit, the receiver matching circuit has a function to 
merely match the input impedance of the receiver ampli- 
fier with the output impedance of the transmitter ampli- 
fier. This results in minimizing the area occupied by the 30 
receiver matching circuit Thus, the size of a chip includ- 
ing the transmitter amplifier, the receiver amplifier and 
the changeover switch, and in its turn, the size of the radi- 
ocommunication apparatus including the chip can be 
minimized, and the production cost can be decreased. 3S 

Since the antenna side matching circuit is inter- 
posed between the wire and the changeover switch, 
when the transmitter amplifier, the receiver amplifier and 
the changeover switch are integrated on one chip, the 
antenna side matching circuit can be disposed outside 40 
of the chip. This results in a further more compact chip, 
a further more compact radiocommunication apparatus, 
and a further lower production cost 

It is preferable that the first transmitting/receiving cir- 
cuit further comprises a first coupling capacitance inter- 4S 
posed between the transmitter amplifier and the 
changeover switch and a second coupling capacitance 
interposed between the changeover switch and the 
receiver matching circuit. 

By adopting this configuration, the coupling state so 
between the transmitter amplifier and the changeover 
switch can be stat)ilized, and the coupling state between 
the changeover switch and the receiver matching drcuit 
can be also stabilized. 

In the first transmitting/receiving drcuit, the antenna ss 
side matching circuit can be directly connected to the 
antenna side input/output temiinal. In this case, the 
antenna side matching drcuit can be formed on the same 
chip mounting the transmitter amplifier, the receiver 



amplifier and the changeover switch. Therefore, a still 
more compact radiocomnruinication apparatus can be 
realized. 

In the first transmitting/receiving circuit the change- 
over switch preferat)ly has a transmitter through FET and 
a transmitter shunt FET connected in series to each 
other and a receiver through FET and a receiver shunt 
FET connected in series to each other, the transmitter 
amplifier preferably has at least one amplifier FET for 
anplifying the input transmission signal, and the ampli- 
fier FET at the last stage of the transmitter amplifier pref- 
erably works also as the transmitter shunt FET of the 
changeover switch. 

By adopting this configuration, there is no need to 
provide a separate transmitter shut FET in the change- 
over switch, thereby simplifying the configuration of the 
transmitting/receiving drcuit for a radiocommunication 
apparatus. Therefore, since the number of required ele- 
ments can be reduced, the radiocommunication appara- 
tus can be made more compact and can attain higher 
reliability. 

A second transmitting/receiving circuit for a radio- 
communication apparatus of the invention comprises a 
transmitter amplifier for amplifying an input transmtssfon 
signal and outputting the amplified transmission signal; 
a receiver amplifier for amplifying an input received sig- 
nal and outputting the amplified received signal; a 
changeover switch having an antenna side input/output 
terminal through which the transmission signal is output 
to an antenna via a wire having prescribed characteristic 
impedance and the received signal is input from the 
antenna via tiie wire, for switching a first connection state 
for outputting tiie transmission signal received from the 
transmitter amplifier to the antenna side input/output ter- 
minal and a second connection state for outputting the 
received signal received through the antenna side 
input/output terminal to the receiver amplifier via no 
matching circuit from one to the other; a transmitter 
matching drcuit interposed between the transmitter 
amplifier and the changeover switch for matching the 
output impedance of the transmitter amplifier with the 
input impedance of the receiver amplifier; and an 
antenna side matching circuit interposed between tiie 
wire and the changeover switch for matching the char- 
acteristic impedance of tiie wire with the input imped- 
ance of the receiver amplifier. 

In the second transmitting/ireceiving circuit, the 
transmission signal output from the transmitter amplifier 
is input to the changeover switch via tiie transmitter 
nfiatching circuit, while tiie received signal output by tiie 
changeover switch is input to the receiver amplifier via 
no matching drcuit. Therefore, within the changeover 
awitch, ttie output impedance of the ftransmitter amplifier 
is matched with the input impedance of the recever 
amplifier, and both ttie output impedance and tiie input 
impedance are small in the changeover switch. As a 
result, the isolation characteristic of ttie changeover 
switch can be improved and the area occupied by the 
changeover switch can be minimized. 
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Furthermore, since the characteristic impedance of 
the wire is matched with the input impedance of the 
receiver amplifier by the antenna side matching circuit 
the transmitter matching circuit has a function merely to 
match the output impedance of the transmitter amplifier 5 
with the input impedance of the receiver anplif ier. There- 
fore, the area occupied t>y the transmitter matching cir- 
cuit can be minimized. Thus, a chp including the 
transmitter amplifier, the receiver amplrfier and the 
changeover switch, and in rts turn, the radiocommunica- w 
tion apparatus including the chip can be made compact 
and the production cost can be reduced. 

Since the antenna side matching circuit Is inter- 
posed between the wire and the changeover switch, 
when the transmitter amplifier, the receiver amplifier and 15 
the changeover switch are integrated on one chip, the 
antenna side matching circuit can be formed outside of 
the chip. This results in a further more compact chip, a 
further more compact radiocommunication apparatus, 
and a further lower production cost. 20 

A third transmitting/receiving circuit for a radiocom- 
munication apparatus of the invention comprises a trans- 
mitter amplrfier for amplifying an input transmission 
signal and outputting the amplified transmission signal; 
a receiver amplifier for amplifying an input received sig- 2S 
nal and outputting tiie amplified received signal; a 
changeover switch having an antenna skJe input/output 
terminal through which the transmission signal is output 
to an antenna via a wire having preserved characteristic 
impedance and the received signal Is input from the 30 
antenna via the wire, for switching a first connection state 
for outputting the transmission signal received from the 
transmitter amplifier to the antenna side input/output ter- 
minal and a second connection state for outputting tiie 
received signal received through the antenna side 3S 
input/output terminal to tiie receiver amplrfier, from one 
to the other; a transmitter matching circuit interposed 
between the transmitter amplifier and the changeover 
switch for matching the output impedance of the trans- 
mitter amplifier with optimal characteristic impedance of 40 
the changeover switch; a receiver matching circuit inter- 
posed between the changeover switch and the receiver 
amplrfier for matching the input impedance of the 
receiver amplifier with the optimal characteristic imped- 
ance of the changeover switch; and an antenna side 45 
matching circuit interposed between the wire and the 
changeover switch for matching the characteristic 
impedance of ttie wire with the optimal characteristic 
impedance of tiie changeover switch. 

In the third transmitting/receiving circuit, tiie trans- so 
mission signal output from the transmitter amplifier is 
input to the changeover switch via tiie transmitter match- 
ing circuit, while the received signal output from the 
changeover switch is input to the receiver amplifier via 
the receiver matching circuit. Therefore, within the ss 
changeover switch, tiie output Impedance of the trans- 
mitter amplifier is matched with the input impedance of 
the receiver amplifier, and both the output impedance 
and tiie input impedance are small in the changeover 



switch. This results in improving the isolation character- 
istic of the changeover switch. 

Since the characteristic inrpedance of tiie changeo- 
ver switch can be optimized, the area occupied by the 
diangeover switch and ttie insertion loss of a through 
FET therein can t>e minintized. 

The transmitter matching circuit has a function to 
merely match the output impedance of the transmitter 
amplrfier with the optimal characteristic impedance of the 
changeover switch, and the receiver matching circuit has 
a function merely to match the input impedance of tiie 
receiver amplifier with the optimal characteristic imped- 
ance of tiie changeover switch. Accordingly, the areas 
occupied by the transmitter matching drcu'rt and the 
receiver matching circuit can be both minimized. Thus, 
a chip including the transmitter amplifier, the receiver 
amplifier and tiie changeover switch, and in its turn, ttie 
radiocommunication apparatus including the chip can be 
made compact and the production cost can be reduced. 

Since the antenna side matching circuit is inter- 
posed between the wire and the changeover switch, 
when tiie transmitter amplifier, tiie receiver amplifier and 
tiie changeover switch are integrated on one chip, tiie 
antenna side matching circuit can be formed outside of 
the chip. This results in a further more compact chip, a 
furtiier more compact radiocommunication apparatus, 
and a further lower production cost. 

A fburtii transmitting/receiving circuit for a radiocom- 
munication apparatus of the invention comprises a trans- 
mitter amplifier having at least one amplifier FET for 
amplifying an input transmission signal; a receiver ampli- 
fier for amplifying an input received signal and outputting 
ttie amplified received signal; a changeover switch 
including an antenna side input/output terminal tiirough 
which the transmission signal is output to an antenna and 
ttie received signal is input from ttie antenna, a transmit- 
ter through FET and a transmitter shunt FET connected 
in series to each ottier. and a receiver through FET and 
a receiver shunt FET connected in series to each other, 
for switching a first connection state for outputting tiie 
transmission signal received from the transmitter ampli- 
fier to the antenna side input/output terminal and a sec- 
ond connection state for outputting the received signal 
received tiirough ttie antenna side input/output terminal 
tottiereceiveramplifler.fromonetotheottier. Theampli- 
f ier FET at the last stage of tiie transmitter anrplif ier also 
works as ttie transmitter shunt FET of the changeover 
switch. 

In the fourtti transmitting/receiving circuit, since tiie 
amplrfier FET at tiie last stage of the transmitter amplifier 
also works as the transmitter shunt FET of ttie change- 
over switch, there is no need to separately provkle a 
transmitter shunt FET of ttie changeover switch. There- 
fore, ttie configuration of the transmitting/receiving circuit 
for a radiocommunication apparatus can be simplified 
and the number of required elements can be reduced, 
and hence, the radiocommunication apparatus can 
become more connpact and more reliaksle. 
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A first semiconductor integrated circuit device of the 
invention comprises a semiconductor substrate; a trans- 
ntitter amplifier formed on the semiconductor substrate 
for anplifylng an Input transmission signal and outputting 
the anplrfied transmission signal; a receiver amplifier 
formed on the semiconductor substrate for amplifying an 
input received signal and outputting the amplified 
received signal : a changeover switch fonned on the sem- 
iconductor substrate and having an antenna side 
Input/output terminal through which the transmission sig- 
nal is output to an antenna via a wire having prescribed 
characteristic impedance and an antenna side matching 
circuit for matching the characteristic impedance of the 
wire with the output impedance of the transmitter ampli- 
fier and the received signal is input from the antenna via 
the wire and the antenna side matching circuit, for switch- 
ing a first connection state for outputting the transmission 
signal received from the transmitter amplifier via no 
matching circuit to the antenna side input/output terminal 
and a second connection state for outputting the 
received signal received through the antenna side 
input/output terminal to the receiver amplifier, from one 
to the other; and a receiver matching circuit formed on 
the semiconductor substrate and interposed between 
the receiver anrplifier and the changeover switch for 
matching the input impedance of the receiver amplifier 
with the output impedance of the transmitter amplifier. 

In the first semiconductor integrated circuit device, 
the transmitter amplifier, the receiver amplifier, the 
changeover switch and the receiver matching circuit of 
the first transmitting/ireceiving circuit are formed on one 
semiconductor sut)strate. Accordingly, the transmitter 
amplifier, the receiver amplifier, the changeover switch 
and the receiver matching circuit of the transmit- 
ting/ireceiving drcuit can be definitely integrated on one 
chip. 

In the first semiconductor integrated circuit device, 
the antenna side matching drcurt can be formed on the 
semiconductor substrate. In this case, the transmitter 
amplifier, the receiver amplifier, the changeover switch, 
the receiver matching circuit and the antenna side 
matching circuit can be integrated on one chip. 

In the first semiconductor integrated circuit device, 
the changeover switch preferably has a transmitter 
through FET and a transmitter shunt FET connected in 
series to each other and a receiver through FET and a 
receiver shunt FET connected in series to each other, 
the transmitter amplifier preferably has at least one 
amplifier FET for amplifying the input transmission sig- 
nal, and the amplifier FET at the last stage of the trans- 
mitter amplifier preferably works also as the transmitter 
shunt FET of the changeover switch. When this config- 
uration is adopted, tiiere is no need to separately provide 
a transmitter shunt FET of the changeover switch. 

A second semiconductor integrated circuit device of 
the invention comprises a semiconductor substrate; a 
transmitter amplifier formed on the semiconductor sub- 
strate and having at least one amplifier FET for amplify- 
ing an input transmission signal; a changeover switch 



fomied on the semiconductor substrate and having an 
antenna side input/output terminal through which the 
transmission signal is output to an antenna and a 
received signal is input from the antenna, a transmitter 

5 through FET and a transmitter shunt FET connected in 
series to each other, and a receiver through FET and a 
receiver shunt FET connected in series to each other, for 
smtching a first connection state for outputting the trans- 
mission signal rec«ved from tiie transmitter amplifier to 

10 the antenna side input/output terminal and a second con- 
nection state for outputting the received signal received 
through the antenna side input/output terminal to a 
receiver amplifier, from one to the other. The amplifier 
FET at the last stage of the transmitter-amplifier also 

15 works as the transmitter shunt FET of the changeover 
switch. 

In the second semiconductor integrated circuit 
device, there is no need to separately provide a trans- 
mitter shunt FET of the changeover switch, and hence. 

20 tiie configuration of tiie transmitting/receiving circuit for 
a radiocommunication apparatus can be simplified. 
Therefore, the number of required elements can be 
reduced, and in addition, there is no need to adjust the 
transmitting/receiving circuit, which otherwise conven- 
es tionally requires great efforts. As a result not only the 
radiocommunication apparatus can become more com- 
pact and more reliable, but also the transmitter amplifier, 
the receiver amplifier, the changeover switch and the 
receiver matching circuit can be definitely integrated on 

30 one chip with ease. 

A first radiocommunication apparatus of the inven- 
tion comprises an antenna; a wire connected to the 
antenna and having prescribed characteristic imped- 
ance; a transmitter amplifier for amplifying an input trans- 

35 mission signal and outputting the amplified transmissbn 
signal; a receiver amplifier for amplifying an input 
received signal and outputting the amplified received sig- 
nal; a changeover switch having an antenna side 
input/output terminal through which the transmission sig- 

40 nal is output to the antenna via the wire and the received 
signal is input from the antenna via the wire, for switching 
a first connection state for outputting the transmission 
signal received from the transmitter amplifier via no 
matching circuit to the antenna side input/output terminal 

45 and a second connection state for outputting the 
received signal received through the antenna side 
input/output terminal to the receiver anfrplif ier. from one 
to the other; a receiver matching drcuit interposed 
between the receiver amplifier and the changeover 

so switch for matching the input impedance of tiie receiver 
amplifier with tiie output impedance of tiie transmitter 
amplifier; and an antenna side matching circuit inter- 
posed between the wire and tiie changeover switch for 
matching the characteristic impedance of the wire with 

55 tiie input impedance of the transmitter amplifier. 

A second radiocommunication apparatus of the 
invention comprises an antenna; a wire connected to tiie 
antenna and having prescribed characteristic imped- 
ance, a transmitter amplifier for amplifying an input ti^ans- 
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mission signal and outputting the anplif ied transmission 
signal; a receiver amplifier for amplifying an input 
received signal and outputting the amplified received sig- 
nal; a changeover switch having an antenna side 
input/output terminal through which the transmission sig- 5 
nal is output to the antenna via the wire and the received 
signal is input from the antenna via the wire, for switching 
a first connection state for outputting the transmission 
signal received from the transmitter amplifier to the 
antenna side input/output terminal and a second con- w 
nection state for outputting the received signal received 
through the antenna side input/output terminal to the 
receiver amplifier via no matching circuit from one to the 
other; a transnnitter matching circuit interposed k>6tween 
the transmitter amplifier and the changeover switch for 75 
matching the output impedance of the transmitter ampli- 
fier with the input impedance of the receiver amplifier; 
and an antenna side matching circuit interposed 
between the wire and the changeover switch for match- 
ing the characteristic impedance of the wire with the input 20 
impedance of the receiver amplifier. 

A third radtocommunication apparatus of the inven- 
tion comprises an antenna; a wire connected to the 
antenna and having prescribed characteristic imped- 
ance; atransmitteramplifierfbr amplifying an inputtrans- 25 
mission signal and outputting the amplified transmission 
signal; a receiver amplifier for amplifying an input 
received signal and outputting the amplified received sig- 
nal; a changeover switch having an antenna side 
input/output terminal through which the transmission sig- 30 
nal is output to tiie antenna via the wire and the received 
signal is input from the antenna via tine wire, for switching 
a first connection state for outputting tiie transmission 
signal received from the transmitter amplifier to the 
antenna side input/output terminal and a second con- 3S 
nection state for outputting the received signal received 
through the antenna side input/output terminal to the 
receiver amplifier; a transmitter matching circuit inter- 
posed between the transmitter amplifier and the change- 
over switch for matching the output impedance of the 4o 
transmitter amplifier with optimal characteristic Imped- 
ance of the changeover switch; a receiver matching cir- 
cuit interposed between the changeover switch and the 
receiver amplifier for matching the Input impedance of 
the receiver amplifier with the optimal characteristic 45 
impedance of the changeover switch; and an antenna 
side matching circuit interposed between the wire and 
the changeover switch for matching the characteristic 
impedance of the wire with the optimal characteristic 
impedance of the changeover switch. $0 

Any of the first through tiiird radiocommunication 
apparatuses can attain a reduced size and a lower pro- 
duction cost, and tiie isolation characteristic of the 
changeover switch can also be improved. 

55 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure la is a schematic diagram of tfie rough con- 
figuration of a conventional transmitting/receiving 



drcuit for a radiocommunication apparatus, and Rg- 
ure lb is a schematic diagram of the rough configu- 
ration of a transmitting/receiving circuit for a 
radiocommunication apparatus according to a first 
embodiment of tiie invention; 
Rgure 2 is a diagram showing a specific configura- 
tion of the transmitting/receiving circuit for a radio- 
communication apparatus according to tiie first 
embodiment; 

Rgure 3 is a Smitii chart of an impedance matching 
state used for describing the operation of the trans- 
mittingAeceiving circuit for a radiocommunication 
apparatus of the first embodiment; 
Rgure 4 is a schematic diagram of the rough config- 
uration of a transmitting/receiving circuit for a radio- 
communication apparatus according to a second 
embodiment of tiie invention; 
Figure 5a and 5b are schematic diagrams of the 
rough configurations of transmitting/receiving cir- 
cuits for a radiocommunication apparatus according 
to third and fourth embodiments of the invention, 
respectively; 

Rgure 6 illustrates optimal characteristic impedance 
of a changeover switch used in the ti-ansmit- 
tingAreceiving circuit for a radiocommunication appa- 
ratus of ttie fourth embodiment; 
Rgure 7 is a diagram showing a specific configura- 
tion of a transmitting/receiving circuit for a radiocom- 
munication apparatus according to a frftti 
embodiment of tiie invention; and 
Rgure 8 is a diagram showing a specific configura- 
tion of a conventional transmitting/receiving circuit 
for a radiocommunication apparatus. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention will now be described by way 
of example refening to the accompanying drawings. 

(Embodiment 1) 

Rgure la is a schematic diagram of the rough con- 
figuration of a conventional tBnsmitting/receiving circuit 
for a radiocommunication apparatus and Figure lb is a 
schematic diagram of the rough configuration of a trans- 
mitting/receiving circuit for a radiocommunication appa- 
ratus of this embodiment 

In the fransmitting/receiving circuit of Figure la. as 
is described above regarding the background art wires 
each having characteristic Impedance of 50 a are 
respectively provided between an antenna and a 
changeover switch, between a fransmitter amplifier and 
tiie changeover switch, and between a receiver low noise 
anplifier and the changeover switch. Therefore, match- 
ing circuits are interposed between tiie f ansmitter ampli- 
fier and the wire with characteristic impedance of 50 
and t)etween the receiver low noise amplifier and tiie wire 
with characteristic impedance of 50 a 
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In contrast, in the transmitting/receiving circuit of 
Rgure lb. although an antenna and a changeover SMritch 
are connected to each other via a wire having character- 
istic impedance off 50 U a wire with characteristic imped- 
ance of 50 a rs interposed neither between a transmitter 
amplifier and the changeover switch nor t)etween a 
receiver low noise amplifier and the changeover switch. 
Furthermore, although a receiver matching circuit is 
interposed between the receiver low noise anplif ier and 
the changeover switch, there provided no matching cir- 
cuit between the transmitter amplifier and the changeo- 
ver switch. In the drcurt of Rgure 1b, the impedance is 
matched between the transmitter amplifier and the wire 
with characteristic impedance of 50 O by an antenna side 
matching circuit disposed between the wire with charac- 
teristic impedance of 50 ft and the changeover switch, 
and the receiver matching circuit matches the imped- 
ance of the transmitter amplifier with that off the receiver 
low noise amplifier. 

Now, a specific configuration of the transmit- 
ting/receiving drcurt for a radiocommunication apparatus 
of this embodiment will be described referring to Figure 
2. 

The transmittingAeceiving circuit of Rgure 2 com- 
prises a transmitter amplifier 10, a receiver low noise 
amplifier 20. an antenna 30 for transmitting and receiving 
a signal, and a changeover switch 40 for switching the 
connection between the transmitter amplifier 10 and the 
antenna 30 and the connection between the receiver low 
noise amplifier 20 and the antenna 30. from one to the 
other. A first wire 51 having characteristic impedance of 
50 Q is interposed between the antenna 30 and the 
changeover switch 40. A receiver matching circuit 60A 
matches the input impedance of the receiver low noise 
amplifier 20 with the output impedance of the transmitter 
amplifier 10. An antenna side matching circuit 70A 
matches the input impedance of the receiver low noise 
amplifier 20. which is matched with the output imped- 
ance of the transmitter amplifier 10 by the receiver 
matching circuit 60A. with the characteristic impedance 
50 O of the first wire 51 . A first coupling capacitance 81 A 
directly couples the output of the transmitter amplifier 10 
and the input of the changeover switch 40. A second cou- 
pling capacitance 82A directly couples the receiver 
matching circuit 60A and the changeover switch 40. In 
the drcuit of Rgure 2, a matching circuit 1 3 matches an 
FET 1 2 at the first stege with an FET 1 4 at the last stage, 
which is not related to the spirit of the invention. 

TTie transmitter amplifier 10, the receiver low noise 
amplifier 20, the changeover switch 40 and the receiver 
matching drcuit 60A are formed on one semiconductor 
substrate as an integrated circuit 1. 

The transmitter amplifier 10 of Figure 2 has the FET 
1 2 at the first stage, the FET 1 4 at the last stage, and the 
matching circuit 13 induding capadtances 16 and 18 
and an inductor 1 7 for matching the FET 1 2 with the FET 
1 4. The transmitting/receiving integrated drcuit 1 is pro- 
vided with si4)ply terminals 1 5A. An inductor 1 9 A is inter- 
posed between the gate terminal of the rear FET 14 and 



a bias voltage Vgl, and inductors 19B are interposed 
between the supply terminals 15A and a supply voltage 
Vddl. The transmitting/receiving integrated circuit 1 is 
further provided with a reception wave output terminal 

5 23A. An inductor 24A is interposed between the gate ter- 
minal of a low noise FET 22 in the receiver low noise 
amplifier 20 and a bias voltage Vg2. and an inductor 24B 
is interposed between the reception wave output termi- 
nal 23A and a supply voltage Vdd2. The antenna side 

10 matching circuit 70A has capacitances 71 and 73 and an 
inductor 72. 

The operation of this transmitting/ireceiving circuit for 
a radiocommunication apparatus will be described refer- 
ring to Rgures 2 and 3. 

15 Rgure 3 is a Smith chart showing the output match- 
ing state of the transmitter amplifier 10 and the input 
matching state of the receiver low noise amplifier 20. The 
input impedance of the receiver low noise amplifier 20 
using a GaAs FET is generally positioned around a point 

20 A in Figure 3, and the output impedance of the transmit- 
ter amplifier 1 0 is generally positioned around a point B, 
(17-j8.8)a 

in the conventional transmitting/receiving circuit, the 
input impedance to the receiver low noise amplifier 20 is 

25 matched with the impedance of 50 a t>y the receiver 
matching circuit 60B and the output impedance of the 
transmitter amplifier 10 is matched with the impedance 
ofv50 n by the transmitter matching circuit 70B, as 
described refenring to Figure 8. Specifically, the input 

30 impedance of the receiver low noise amplifier 20 at the 
point A is matched to be positioned at a point C by the 
receiver matching drcuit 60 B. and the output impedance 
of the transmitter amplifier 10 at the point B is matched 
to be positioned at the point C by the transmitter match- 

35 ing circuit 70B. This is because the input impedance off 
the receiver low noise amplifier 20 and the output imped- 
ance of the transmitter amplifier 10 should be matched 
with the impedance off the wires having characteristic 
impedance of 50 £1 

40 In this embodiment, in contrast, the input Impedance 
of the receiver low noise amplifier 20 is matched with the 
output impedance (at the point B) of the transmitter 
amplifier 10 by the receiver matching drcuit 60A. The 
resistance at the point B is (1 7 - j 8.8) ^ which is signif- 

45 icantly smaller than the characteristic impedance 50 CI 
of the first wire 51. 

TTie output impedance of the transnrntter amplifier 1 0 
and the input impedance of the receiver low noise ampli- 
fier 20 both at the point B are matched with the charac- 

50 teristic impedance (50 CI) of the first wire 51 by the 
antenna side matching drcuit 70A. In other words, an 
arrow from the point A to the point B indicates the match- 
ing by the receiver matching circuit 60A, and an arrow 
from the point B to the point C (50 Cl) indicates the match- 

55 ing by the antenna side matching drcuit 70A. The spirit 
of Embodiment 1 is in that both the input impedance of 
the receiver low noise amplifier 20 matched to be posi- 
tioned at the point B and the output impedance of the 
transnnitter amplifier 10 at the point B are matched to be 
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positioned at the point C by the antenna side matching 
circuit 70A. 

Now, the receiving operation of the transmit- 
ting/receiving drcuit will be described. 

A received signal input through the arrtenna 30 
passes through the first wire 51 having characteristic 
impedance of 50 ^ subjected to impedance conversion 
by the antenna side matching circuit 70A, and input to 
an antenna side input/output terminal 41 A. At this point, 
in the changeover switch 40, a first FET 43 serving as a 
transmitter shunt FET and a third FET 45 serving as a 
receiver through FET are on and a second FET 44 serv- 
Ing as a transmitter through FET and a fourth FET 46 
serving as a receiver shunt FET are tumed off by control 
signals input through switch control signal input termi- 
nals 42A. as is described referring to the conventional 
circuit. Therefore, the received signal input through the 
antenna side input/output terminal 41 A passes through 
the third FET 45 in an on state to be transferred to the 
receiver unit. Further, the transmitter unit is electrically 
separated from the antenna because the second FET 44 
is off, and is short-circuited by the first FET 43 in an on 
stata 

The received signal having passed through the third 
FET 45 in an on state is input to the receiver matching 
circuit BOA through the second coupling capacitance 
82A. The received signal having been input to the 
receiver matching circuit 60A is sut)jected to the imped- 
ance matching by two inductors 61 and 62, amplified by 
the low noise FET 22 in the receiver low noise amplifier 
20. and then output through the reception wave output 
terminal 23A. 

The transmitting operation of this circuit will now be 
described. 

A modulated transmission wave is input to a trans- 
mission wave input terminal 1 1 A. The input transmission 
wave is subjected to first power amplification by the FET 

12 at the first stage, input through the matching circuit 

13 to the FET 14 at the last stage, and subjected to sec- 
ond power amplification by the FET 14 up to a desired 
power level. The amplified transmission signal is directly 
input to the second FET 44 of the changeover switch 40 
through the first coupling capacitance 81 A. At this point 
the changeover switch 40 performs a reverse operation 
to that in receiving a signal. Specifically, by control sig- 
nals input through the switch control signal input termi- 
nals 42A. the second FET 44 and the fourth FET 46 are 
turned on and the first FET 43 and the third FET 45 are 
turned off. Therefore, the transmission signal having 
been input through the first coupling capacitance 81 A 
passes through the second FET 44 in an on state to be 
transferred toward the antenna 30. At this point, the 
receiver unit is electrically separated from the transmitter 
unit because the third FET 45 is off, and is short-circuited 
by the fourth FET 46 in an on state. The transmission 
signal transferred toward the antenna 30 is input to the 
antenna side matching circuit 70A, subjected to imped- 
ance conversion to have characteristic impedance of 50 
Q by the antenna side ntatching circuit 70A. and input to 



the antenna 30 through the first wire 51 . Then, the trans- 
mission signal is output through the antenna 30 as an 
electric wave. 

In Embodiment 1. the input impedance of the 

5 receiver low noise amplifier 20 is matched with the output 
impedance of the transmitter amplifier 1 0 by the receiver 
matching circuit 60A in this manner. As a result, there is 
no need to provide a matching drcuit between the trans- 
mitter amplifier 10 and the changeover switch 40. and 

10 the transmitter amplifier 1 0 can be directly connected to 
the changeover switch 40. Thus, it is possible to 
decrease the characteristic impedance of the changeo- 
ver switch 40 to be lower than 50 Q This results in low- 
ering the characteristic impedance of a portion between 

15 the changeover switch 40 and the antenna side matching 
drcuit 70A to be smaller than 50 il Therefore, fewer sig- 
nals leak from the transmitter amplifier 1 0 to the receiver 
low noise amplifier 20 when the changeover switch 40 
switches on the connection between the transmitter 

20 amplifier 10 and the antenna 30. thereby improving the 
isolation characteristic. Also, when the changeover 
switch 40 switches on the connection between the 
receiver low noise amplifier 20 and the antenna 30, fewer 
signals leak from the receiver low noise anplifier 20 to 

25 the transmitter amplifier 1 0. 

In addition, since the antenna side matching circuit 
70A can be disposed between the antenna 30 and the 
antenna side input/output terminal 41 A, the arrtenna side 
matching drcuit 70A can be taken out of the transmit- 

30 ting/receiving integrated drcuit 1 . Accordingly, the area 
of the integrated chip can be decreased, resulting in 
reducing the size and the cost of the transmitting/receiv- 
ing circuit. 

Furthermore, since the antenna side matching dr- 
35 cuit 70A is commonly used in receiving and transmitting 
a signal, the size of tlie receiver matching drcuit 60A can 
be decreased, resulting in further reducing the size and 
the production cost of the entire chip. 

In the transmitting/receiving drcuit of Embodiment 
40 1 , it is possible to integrate the antenna side matching 
drcuit 70A with the transmittlng/lreceiving Integrated dr- 
cuit 1. 

(Embodiment 2) 

45 

A senvoonductor integrated circuit device of Embod- 
iment 2 of the invention will now be described referring 
to the accompanying drawing. The semiconductor inte- 
grated drcuit device of this embodiment realizes the 

so transmitting/receiving circuit for a radiocommuntcation 
apparatus of Emtxxliment 1 , and is operated in the same 
manner as described in Emtxxiiment 1 . 

Rgure 3 is a diagram showing tiie layout of tiie sem- 
iconductor integrated circuit device of Embodiment 2, 

55 wherein like reference numerals are used to refer to like 
elements used in Embodiment 1 shown in Figure 2 and 
the description thereof is omitted. The FET 1 2 at the first 
stage of tiie transmitter amplifier 10 is constructed with 
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a drain, a gate, a source, a gate and a drain successively 
Illustrated in this order from the left side of the drawing. 

The semiconductor integrated circuit device of Rg- 
ure 3 comprises a pad 101 for a ground terminal, a pad 
102 for the supply terminal 15A. a pad 103 for the 5 
antenna side input/output terminal 4 1 A. a pad 1 04 for the 
switch control signal input terminal 42A connected to the 
third FET 45 of the changeover switch 40. a pad 105 for 
the ground terminal and the source terminal of the FET 
1 2 at the first stage of the transmitter amplifier 1 0, a pad io 
1 06 for the transmission wave input terminal 1 1 A and the 
gate terminal of the FET 1 2 at the first stage of the trans- 
mitter amplifier 1 0. a pad 1 07 for the gate terminal of the 
second FET 44 of the changeover switch 40, a pad 108 
forthe switch control signal input terminal 42A connected is 
to the first FET 43 of the changeover switch 40, a pad 
1 09 for the switch control signal input terminal 42A con- 
nected to the fourth FET 46 of the changeover switch 40, 
a pad 1 1 0 for the ground terminal, and a pad 1 1 1 for the 
reception wave output terminal 23 A. 20 

in this manner, when the entire elements construct- 
ing the transmrtting/i'eceiving circuit are Integrated on 
one chip, the circuit configuration of Embodiment 1 ena- 
bles the antenna side matching circuit 70A. which is con- 
ventionally required to be integrated in the chip, to be 25 
disposed outside of the chip. 

In addition, since the antenna side matching circuit 
70A is commonly used in transmitting and receving a 
signal, the sizes of the inductors 61 and 62 included in 
the receiver matching circuit 60B can be deaeased. 30 
resulting in realizing a compact and Inexpensive semi- 
conductor integrated circuit device. 

The transmitter amplifier 10, the receiver low noise 
amplifier 20 and the changeover switch 40 of Embodi- 
ment 1 use QaAs FETs, which can be replaced with sil- 3S 
Icon MOSFETs. 

(Embodiments) 

A transmttting/i^eceiving circuit for a radlocommuni- 40 
cation apparatus of Embodiment 3 of the invention will 
now be desaibed refen^ing to the accompanying draw- 
ing. 

Figure 5a shows the rough configuration of the 
transmltting/lreceiving circuit for a radtocommunlcatton 45 
apparatus of this embodiment, which is different from 
that of Embodintent 1 in the following points: A transmit- 
ter matching circuit is provided between a transmitter 
amplifier and a changeover switch, while no matching cir- 
cuit is disposed between a receiver low noise amplifier so 
and the changeover switch in this embodiment. 

In order to adopt this configuration, a silicon bipolar 
transistor and a GaAs FET are required to be used in the 
receiver low noise amplifier and the transmitter amplifier, 
respectively In addition, the Input impedance of the sill- ss 
con bipolar transistor is required to be lower than that of 
the GaAs FET. In this case, the input impedance of the 
transnvtter amplifier should be lowered by the transmitter 



matching drcurt to iDe matched with the output imped- 
ance of the receiver low noise amplifier. 

(Embodiment 4) 

A transmitting/receiving circuit for a radiocommuni- 
cation apparatus of Embodiment 4 of the invention will 
now be desaibed referring to the accompanying draw- 
ings. 

Rgure 5b shows the rough configuration of the 
transmitting/receiving circuit for a radiocommunication 
apparatus of this embodiment, wherein a transmitter 
matching circuit is disposed between a transmitter ampli- 
fier and a changeover switch and a receiver matching 
circuit is disposed between a receiver low noise amplifier 
and the changeover switch. This configuration is appar- 
ently similar to that of the conventional transmit- 
ting/receiving circuit but is different in the following point: 
The characteristic impedance of a wire extending 
between an antenna side matching circuit and an 
antenna is 50 ^ while that of a wire extending between 
the antenna side matching circuit and the changeover 
switch is set to be optimal for the changeover switch in 
Entxxfiment 4. 

Thus, in this embodiment, the impedance of the wire 
from the antenna side matching circuit to the changeover 
^tch is set to be optimal for the changeover switch, and 
In order to attain the optimal impedance, the transmitter 
matching circuit Is provided between the transmitter 
amplifier and the changeover switch and the receiver 
matching circuit is provided between the receiver low 
noise amplifier and the changeover switch. 

Now. the significance of setting the impedance of the 
portion between the antenna side matching circuit and 
the changeover switch at an optimal value for the 
changeover switch will be described refen-ing to Rgure 6. 

The corrfiguration of Rgure 6 comprises a transmit- 
ter amplifier 10. a receiver low noise amplifier 20. an 
antenna 30 for transmitting and receiving a signal, a 
changeover switch 40, a first wire 51 with characteristic 
impedance of 50 O connecting the antenna 30 to the 
changeover switch 40, a transmitter matching circuit 60C 
for matching the output Inpedance of the transmitter 
amplifier 10 with the optimal characteristic Impedance of 
the changeover switch 40, a receiver matching circuit 
60D for matching the irrput impedance of the receiver low 
noise amplifier 20 with the optimal characteristic imped- 
ance of the changeove- switch 40, an antenna side 
matching circuit for matching the optimal characteristic 
impedance of the changeover switch 40 with the charac- 
teristic impedance of 50 a of the first wire 51 . a first cou- 
pling capacitance 81A for coupling the transmitter 
matching circuit 60C and the changeover switch 40. and 
a second coupling capacitance 82A for coupling the 
receiver low noise amplifier 20 arxJ the changeover 
switch 40. 

Rrst in the case where the changeover switch 40 
switches on the connection between the transmitter 
amplifier 1 0 and the antenna 30. insertion loss of the sec- 
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ond FET 44 serving as a transmitter through FET will be 
examined. 

When the insertion loss of the second FET 44 is indi- 
cated by L, the following expression 1 holds: 

5 

L«=10xlog((2Z0 + Ron)/2x^)^dB (1) 

wherein ZD indicates the characteristic impedance of a 
wire 54 on which the second FET 44 is disposed, and 
Ron indicates the on resistance of the second FET 44. io 

In the conventional configuration, since the charac- 
teristic impedance ZD of the wire 54 is 50 a as that of 
the first wire 51 , the fbllowing expression holds: 

L = 10 X log ((100 + Ron) / 100) ^ dB is 

Thus, the insertion loss L depends upon the character- 
istic (l.e.. Ron) of the second FET 44. 

In contrast, in the configuration of Embodiment 4, 
since the transmitter matching drcuit 60C is provided, 20 
the characteristic impedance of the wire 54 can be set 
to be optimal for the changeover switch 40. Specifically; 
by increasing the value of ZO, the value of 
(2Z0 + Ron) / 2 X ZO) ^ can be decreased, thereby min- 
imizing the Insertion loss L of the second FET 44. 25 

Furthermore, when the insertion loss L of the sec- 
ond FET 44 Is retained to be constant, the gate width of 
the second FET 44 can be minimized. Specifically, in 
expression 1, when the on resistance at the time of 
ZO = 50 Q is indicated as Roni, the on resistance at 30 
the time of ZO = 100 a is indicated as Ron2. and the 
insertion loss L of the second FET 44 is assumed to be 
constant, the following expression holds: 

L=10xlog((2x50 + Ron1)/2x50) ^ 35 

= 10 x log ((2 X 100 + Ron2) / 2 x 100)^ 

From this expression. Ron2 - 2 x Roni is obtained. 

Since the on resistance Ron of an FET is inversely 40 
proportional to the gate width Wg of the FET, when the 
on resistance Ron is doubled, the gate width Wg is 
halved. Specifically since the changeover switch 40 
occupies the largest area in the transmitting/receiving 
drcuit the area of the changeover switch 40 can be 45 
reduced by optimizing the characteristic impedance of 
the changeover switch 40 so as to deaease the size of 
the second FET 44 of the changeover switch 40. Thus, 
even when the areas of the transmitter and receiver 
matching drcuits 60C and 60D are rather large, the area so 
of the changeover switch 40 can be further decreased, 
and hence, the entire area of the transmitting/receivirtg 
circuit can be made smaller. In this manner, the transmit- 
ting/receiving drcuit can be made compact. 

Furthermore, for the aforementioned reason, when ss 
the gate width Wg of the second FET 44 is constant, the 
insertion loss L of the second FET 44 can be halved. 

In this manner, by optimizing the characteristic 
Impedance of the changeover ^tch 40. the insertion 



loss of the second FET can be minimized. In addition, by 
making constant the insertion loss of the second FET. 
the gate width of the second FET. and in its turn, the area 
of the second FET can be reduced. 

(Embodiment 5) 

A transmitting/receiving drcuit for a radiocommuni- 
catbn apparatus according to Embodiment 5 of the 
invention will be desaibed referring to Figure 7. 

The transmitting/receiving circuit of Figure 7 com- 
prises a transmitter amplifier 10. a receiver low noise 
amplifier 20. an antenna 30 for transmitting and receiving 
a signal, a changeover switch for switching the connec- 
tion between the transmitter amplifier 1 0 and tiie antenna 
30 and the connection between the receiver low noise 
amplifier 20 and the antenna 30. from one to the otiier. 
a receiver matching circuit 60A for matching the input 
impedance of tfie receiver low noise amplifier 20 with tiie 
output impedance of the transmitter amplifier 10, an 
antenna side matching circuit 70A for matching the Input 
impedance of the receiver low noise amplifier 20 and the 
output impedance of the transmitter amplifier 10. which 
are matched with each other by the receiver matching 
drcuit 60A, with characteristic impedance of 50 Q of a 
wire connected to the antenna 30, a first coupling capac- 
itance 81 A for directiy coupling tiie output of the trans- 
mitter amplifier 1 0 and tiie Input of the changeover switch 
40. and a second coupling capacitance 82A for directiy 
coupling the input of ttie receiver low noise amplifier 20. 
which is matched wrtii the output Impedance of tiie trans- 
mitter amplifier 10 by tiie receiver matching circuit 60A, 
and tiie output of tiie changeover switch 40. 

The t^ansntitter amplifier 10 and the changeover 
switch 40 having the above-described configuration are 
formed on one semicorxiuctor substrate 1 . 

The transmitting/receiving circuit of Embodiment 5 
is characterized in that the changeover switch 40 has an 
FET 14 disposed at the last stage of the transmitter 
amplifier 10 and sending as a ti^nsmitter shunt FET. a 
second FET 44 serving as a transmitter ttirough FET, a 
third FET 45 serving as a receiver through FET. and a 
fburtii FET 46 serving as a receiver shunt FET 

The transmitting operation of this circuit will now be 
described. 

In transmitting a signal, bias voltages Vgl and Vg2 
are respectively applied to the gate terminals of an FET »• 
12 at the first stage and the FET 14 at the last stage of 
tiie transmitter amplifier 1 0, and a supply voltage Vdd is 
applied to the source terminals of the FETs 12 and 14. 
thereby amplifying a modulated signal input to the trans- 
mitter amplifier 1 0 up to a suff identiy high level to be sup- 
plied to tiie antenna 30. In tiie changeover switch 40, 
control voltages Vcl and Vc2 are applied to the respec- 
tive FETs so that those on tiie transmitter side are turned 
on and tiiose on the receiver side are turned off. Specif- 
ically, for example, the gate terminals of tiie second FET 
44 and the fourth FET 46 are supplied with a voltage of 
0 V as the control voltage Vcl . and tiie gate terminal of 
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the third FET 45 is sipplied with a voltage of -5 V as the 
control voltage Vc2. In this case, since there is no need 
to operate the receiver low noise amplifier 20, no supply 
voltage is applied to the receiver low noise amplifier 20. 

The receiving operation of the circuit will now be s 
desaibed. 

In receiving a signal, a necessary supply voltage is 
applied to the receiver low noise amplifier 20, thereby 
allowing the receiver low noise amplifier 20 to amplify a 
weak signal that has been input from the antenna 30 io 
through the antenna side matching circuit 70A, the 
changeover switch 40. the second coupling capacitance 
82 A and the receiver matching circuit 60A to the receiver 
low noise amplifier 20. It goes without saying that a high 
frequency signal input to the receiver low noise amplifier is 
20 at this point has been subjected to impedance match- 
ing by the antenna side matching circuit 70A and the 
receiver matching circuit 60A as is described refen^lng to 
Embodiment 1 . In the changeover switch 40, the control 
voltages Vcl and Vc2 and the bias voltage Vg2 are 20 
applied to the respective FETs so that those on the trans- 
mitter side are turned off and those on the receiver side 
are turned on. Specifically, for exanple, the second FET 
44 and the fourth FET 46 are supplied with a voltage of 
-5 V as the control voltage Vcl and the third FET 45 is 25 
supplied with a voltage of 0 V as the control voltage Vc2. 

The FET 1 4 at the last stage of the transmitter ampli- 
fier 10 serving as the transmitter shunt FET is supplied 
with a voltage of OV. In receiving a signal, no supply volt- 
age is applied to the transmitter amplifier 1 0 in order to 3o 
save power of the battery Therefore, even when the 
grounded FET 14 at the last stage is on. no drain current 
flows therethrough. Thus, a high frequency signal can be 
grounded. In this manner, the FET 14 at the last stage 
of the transmitter amplifier 1 0 can work as the transmitter 3S 
shunt FET of the changeover switch 40. Specifically, in 
transmitting a signal, since the FET 14 at the last stage 
of the transmitter amplifier 10 works as an FET at the 
last stage of the transmitter amplifier 1 0, the gate termi- 
nal thereof is supplied with the bias voltage Vg2 of, for 4o 
example. -5 V. In receiving a signal, the FET 14 at the 
last stage of the transmitter amplifier 10 works as the 
transmitter shunt FET of the changeover switch 40, and 
hence, the gate terminal thereof is supplied with the bias 
voltage Vg2 of. for example, 0 V. 4S 

Thus, this embodiment can simplify the configura- 
tion of a transmitting/receiving circuit for a radiooommu- 
nication apparatus. In addition, when the 
transmitting/deceiving circuit is formed as a semiconduc- 
tor integrated circuit, the number of the elements con- so 
tained therein can be decreased, the size of the resultant 
radiocomntunication apparatus can be minimized, the 
area of the semiconductor integrated circuit can be also 
minimized, and there is no need to adjust a high fre- 
quency signal. This results in a low production cost of 55 
the radiocommunication apparatus. 



Claims 

1 . A transmitting/receiving circuit for a radiocommuni- 
catk)n apparatus comprising: 

a transmitter amplifier for amplifying an input 
transmission signal and outputting the amplified 
transmissk)n signal; 

a receiver amplifier for arrplifying an input 
received signal and outputting the amplified 
received signal; 

a changeover switch having an antenna side 
input/output terminal through which the transmis- 
sion signal is output to an antenna via a wire having 
prescribed characteristic impedance" and the 
received signal is input from the antenna via the 
wire, for switching a first connection state for output- 
ting tiie transmission signal received from the trans- 
mitter amplifier via no matching circuit to the antenna 
side input/butput terminal and a second connection 
state for outputting the received signal received 
through the antenna side input/output terminal to the 
receiver amplifier, from one to the otiier; 

a receiver matching circuit interposed 
between the changeover switch and tiie receiver 
amplifier for matching input impedance of tiie 
receiver amplifier with output impedance of the 
' transmitter amplifier; and 

an antenna skJe matching circuit interposed 
between the wire and the changeover switch for 
matching the characteristic impedance of the wire 
with tiie output Impedance of the transmitter ampli- 
fier. 

2. The transmitting/receiving circuit for a radk)commu- 
nication apparatus of Claim 1 . further comprising: 

a first coupling capacitance interposed 
between tiie transmitter amplifier and the changeo- 
ver switch; and 

a second coupling capacitance interposed 
t)etween ttie changeover switch and the receiver 
matching circuit 

3. The transmitting/receiving drcuit for a radkDCommu- 
nication apparatus of Claim 1 . 

wherein the antenna side matching circuit is 
cfirectiy connected to the antenna side input/output 
terminal. 

4. The transmitting/receiving circuit for a radiocommu- 
nication apparatus of Claim 1 , 

wherein ttie changeover switch has a trans- 
mitter through FET and a transmitter shunt FET con- 
nected in series to each other and a receiver through 
FET and a receiver shunt FET connected in series 
to each other. 

the transmitter amplifier has at least one 
amplifier FET for amplifying tiie input transmission 
signal, and 

the amplifier FET at a last stage of tiie trans- 
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mitter amplifier also works as the transmitter shunt 
FET of the changeover switch. 

5. A transmittingAeceivIng circuit for a radiocommuni- 
cation apparatus comprising : s 

a transmitter amplifier for amplifying an input 
transmission signal and outputting the amplified 
transmission signal: 

a receiver amplifier for amplifying an input 
received signal and outputting the amplified io 
received signal; 

a changeover switch having an antenna side 
input/output terminal through which the transmis- 
sion signal is output to an antenna via a wire having 
prescribed characteristic impedance and the is 
received signal is input from the antenna via the 
wire, for switching a first connection state for output- 
ting the transmission signal received from the trans- 
mitter amplifier to the antenna side input/output 
terminal and a second connection state for output- 20 
ting the received signal received through the 
antenna side input/output terminal to the receiver 
amplifier, from one to the other; 

a transmitter matching circuit interposed 
between the transmitter amplifier and the changeo- 25 
ver switch for matching output impedance of the 
transmitter amplifier with input impedance of the 
receiver amplifier; and 

an antenna side matching circuit interposed 
between the wire and the changeover switch for 30 
matching the characteristic impedance of the wire 
with the input impedance of fhe receiver amplifier. 

6. A transmitting/i^eceiving circuit for a radiocommuni- 
cation apparatus corpprising: 35 

a transmitter amplifier for amplifying an input 
transmission signal and outputting the amplified 
transmission signal; 

a receiver anplifier for amplifying an input 
received signal and outputting the amplified 40 
received signal; 

a changeover switch having an antenna side 
input/output terminal through which the transmis- 
sion signal is output to an antenna via a wire having 
prescribed characteristic impedance and the 45 
received signal is input from the antenna via the 
wire, for switching a first connection state for output- 
ting the transmission signal received from the trans- 
mitter amplifier to the antenna side input/output 
terminal and a second connection state for output- so 
ting the received signal received through the 
antenna side input/output terminal to the receiver 
amplifier, from one to the other; 

a transmitter matching circuit interposed 
between ttne transmitter amplifier and the changeo- ss 
ver switch for matching output impedance of ttie 
transmitter amplifier with optimal characteristic 
impedance of the changeover switch; 

a receiver matching circuit interposed 



t)etween ttie changeover switch and the receiver 
amplifier for matching input impedance of the 
receiver amplifier with the optimal characteristic 
impedance of the changeover switch; and 

an antenna side matching circuit interposed 
k)etween the wire and the changeover switch for 
matching the characteristic impedance of the wire 
with the optimal characteristic impedance of the 
changeover switch. 

7. A transmitting/receiving circuit for a radiocommuni- 
cation apparatus comprising: 

a transmitter amplifier having at least one 
amplifier FET for amplifying an input'transmission 

signal; 

a receiver amplifier for amplifying an Input 
received signal and outputting the anplified 
received signal; and 

a changeover switch having an antenna 
input/output terminal through which the transmis- 
sion signal is output to an antenna and ttie received 
signal is input from ttie antenna, a transmitter 
tiirough FET and a transmitter shunt FET connected 
in series to each otiier, and a receiver tiirough FET 
and a receiver shunt FET connected in series to 
each otiier. for switching a first connection state for 
outputting tiie transmission signal received from ttie 
transmitter arrplif ler to the antenna side input/output 
terminal and a second connection state for output- 
ting tiie received signal received ttirough the 
antenna side input/output terminal to ttie receiver 
amplifier, from one to the otiier, 

wherein ttie arrplif ler FET at a last stage of 
tiie transmitter amplifier works also as the tiansmit- 
ter shunt FET of tiie changeover switch. 

8. A semiconductor integrated circuit device compris- 
ing: 

a semiconductor substrate; 

a transmitter amplifier formed on the semi- 
conductor subst^te for amplifying an input transmis- 
sion signal and outputting the amplified fransmlssion 
signal; 

a receiver amplifier formed on the semicon- 
ductor SLd3strate for anplifying an input received sig- 
nal and outputting the amplified received signal; 

a changeover switch formed on the semicon- 
ductor substrate having an antenna side Input/out- 
put terminal tiirough which the transmission signal 
is output to an antenna via a wire having prescribed 
characteristic impedance and an antenna side 
matohing circuit for matching the characteristic 
impedance of tiie wire witii output impedance of tiie 
fransmitter amplifier and ttie received signal is input 
from ttie antenna via tiie wire and tiie antenna side 
matohing circuit, for switching a first connection state 
for outputting the tiBnsmission signal received from 
tiie b^ansmitter amplifier via no matching circuit to ttie 
antenna side input/output terminal and a second 
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25 

connection state for outputtirig the received signal 
received through the antenna side input/output ter- 
minal to the receiver amplifier, from one to the other; 
and 

a receiver matching circuit formed on the 5 
semiconductor substrate and interposed between 
the receiver anplif ier and the changeover switch for 
matching input impedance of the receiver amplifier 
with the output impedance of the transmitter ampli- 
fier. 10 

9. TTiesemiconductor integrated circuit device of Claim 
8. 

wherein the antenna side matching circuit is 
formed on the semiconductor substrate. is 

1 0. The semiconductor integrated circuit device of Claim 
8. 

wherein the changeover switch has a trans- 
mitter through FET and a transmitter shunt FET con- 20 
nected in series to each other and a receiver through 
FET and a receiver shunt FET connected in series 
to each other. 

the transmitter amplifier has at least one 
amplifier FET for amplifying the input transmission 2s 
signal; and 

the amplifier FET at a last stage of the trans- 
mitter amplifier works also as the transmitter shunt 
FET of the changeover switch. 

30 

11. A semiconductor integrated circuit device compris- 
ing: 

a semiconductor substrate; 

a transmitter amplifier formed on the semi- 
conductor substrate and having at least one ampli- 3S 
f ier FET for amplifying an input transmission signal; 
and 

a changeover switch formed on the semicon- 
ductor sut>strate and having an antenna input/output 
terminal through which the transmission signal is 40 
output to an antenna and a received signal is input 
from the antenna, a transmitter through FET and a 
transmitter shunt FET connected in series to each 
other, a receiver through FET and a receiver shunt 
FET connected in series to each other, for switching 45 
a first connection state for outputting the transmis- 
sion signal received from the transmitter amplifier to 
the antenna side input/output terminal and a second 
connection state for outputting the received signal 
received through the antenna side input/output ter- so 
minal to the receiver amplifier, from one to the other. 

wherein the amplifier FET at a last stage of 
the transmitter amplifier works also as the transmit- 
ter shunt FET of the changeover switch. 

ss 

12. A radiocommunication apparatus comprising: 

an antenna; 

a wire connected to the antenna and having 
presaibed characteristic impedance; 



a transmitter amplifier for amplifying an input 
transmission signal and outputting the amplified 
transmission signal; 

a receiver amplifier for amplifying an input 
received signal and outputting the anplified 
received signal; 

a changeover switch having an antenna side 
input/output terminal through which the transmis- 
sion signal is output to the antenna via the wire and 
the received signal is input from tiie antenna via the 
wire, for switching a first connection state for output- 
ting the transmission signal received from the trans- 
mitter amplifier via no matching circuit to the antenna 
side input/output ternrtinal and a second connection 
state for outputting the received signal received 
tiirough the antenna side input/output terminal to the 
receiver amplifier; 

a receiver matching circuit interposed 
between the receiver amplifier and the changeover 
switch for matching input impedance of the receiver 
amplifier with output impedance of the transmitter 
amplifier; and 

an antenna side matching circuit interposed 
between the wire and the changeover switch for 
matohing the characteristic impedance of the wire 
with the output impedance of the transmitter ampli- 
fier. 

13. A radiocommunication apparatus comprising: 
an antenna; 

a wire connected to the antenna and having 
prescribed characteristic Impedance; 

a transmitter amplifier for amplifying an input 
transmission signal and outputting the amplified 
transmission signal; 

a receiver amplifier for amplifying an input 
received signal and outputting the amplified 
received signal; 

a changeover switch having an antenna side 
input/output terminal through which the transmis- 
sion signal is output to the antenna via the wire and 
the received signal is input from the antenna via tiie 
wire, for switching a first connection state for output- 
ting the transmission signal received from tiie trans- 
mitter amplifier to the antenna side input/output 
terminal and a second connection state for output- 
ting the received signal received through the 
antenna side input/output terminal to the receiver 
amplifier via no matching circuit, from one to tiie 
other; 

a transmitter matching circuit interposed 
between the transmitter amplifier and the changeo- 
ver switch for matching output impedance of tiie 
transmitter amplifier with input impedance of the 
receiver amplifier; and 

an antenna side matching circuit interposed 
between the wire and the changeover switch for 
matching the characteristic impedance of the wire 
with tiie input impedance of the receiver amplifier. 
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14. A radiocx)mmunication apparatus comprising: 
an antenna; 

a wire oonnected to the antenna and having 
prescribed characteristic impedance; 

a transmitter amplifier for amplifying an input 5 
transmission signal and outputting the amplified 
transmission signal; 

a receiver amplifier for amplifying an input 
received signal and outputting the amplified 
received signal; 10 

a changeover switch having an antenna side 
input/output terminal through which the transmis- 
sion signal is output to the antenna via the wire and 
the received signal is input from the antenna via the 
wire, for switching a f irst connection state for output- 75 
ting the transmission signal received from the trans- 
mitter amplifier to the antenna side input/output 
terminal and a second connection state for output- 
ting the received signal received through the 
antenna side input/output terminal to the receiver 20 
anplifier, from one to the other; 

a transmitter matching circuit interposed 
between the transmitter amplifier and the changeo- 
ver switch for matching output impedance of the 
transmitter amplifier with optimal characteristic 2s 
impedance of the changeover switch; 

a receiver matching circuit interposed 
between the changeover switch and the receiver 
amplifier for matching input impedance of the 
receiver amplifier with the optimal characteristic 30 
impedance of the changeover switch; and 

an antenna side matching circuit interposed 
between the wire and the changeover switch for 
matching the characteristic impedance of the wire 
with the optimal characteristic impedance of the 55 
changeover switch. 
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